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Abstract 
The present studies were carried out on two important vegetables, 
Solanum melongena and Capsicum annuum, that can surely benefit 
from plant biotechnology. The application of in vitro methodologies to 
eggplant and chilli pepper have resulted in considerable success. Their 
tissue present a high morphogenetic potential that is useful for 
developmental studies as well as establishing approaches to produce 
improved varieties. The establishment of an efficient in vitro 
regeneration through organogenesis and embryogenesis is the first step 
for developing genetic transformation protocols in order to induce traits. 
Solanum melongena L. 
Eggplant is the third most important crop in the Solanaceae, after 
potato and tomato. Although considered somewhat of an exotic 
ingredient in the United States, eggplant is a major and inexpensive of 
many people's daily diet in the developing world, especially in China and 
India where it is considered the "King of vegetables". In addition to its 
nutritional value, which is similar to other common vegetables, eggplant 
is believed to have numerous beneficial medicine qualities, including 
antioxidant properties and the ability to reduce serum cholesterol levels. 
Direct regeneration of shoots from CN explants was achieved on 
MS medium supplemented with various concentrations of BA, TDZ and 
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kinetin. Addition of NAA to the optimal concentration of BA enhanced 
the growth and multiplication of shoots. The highest number of shoots 
(14.0 ± 0.92) per explant and maximum average shoot length (4.5 ± 
0.38 cm) were standardized on MS medium supplemented with BA (2.5 
[JM) + NAA (1.5 pM). 
Callus induction was observed from leaf and stem explant grown on 
MS medium supplemented with different concentration of 2,4-D and 
2,4,5-T. Maximum callusing (100 %) was achieved on MS medium 
containing 10 pM 2,4-D. Callus derived from leaf and stem segments 
when sub-cultured on MS medium supplemented with BA, kinetin or 
TDZ alone or in combination induced adventitious shoots within 4 weeks 
of culture. The maximum number of shoots (45.5 ± 1.02) was observed 
from leaf derived callus on MS medium containing BA (5 pM) and 
kinetin (2.5 pM). 
Embryogenic callus was induced from leaf explants on MS medium 
supplemented with auxin (NAA) or cytokinins (BA or kinetin). The best 
response in term of highest percentage (90 %) of embryogenic callus 
and highest number of somatic embryos (55.6 ± 1.15) per responding 
callus and plantlet production (52.4 ± 0.80) was achieved on MS 
medium supplemented with 6 pM BA. 
The in vitro regenerated shoots were transferred to various 
strengths of MS medium as well as MS medium augmented with 
different auxins. Best rooting was achieved on full strength MS medium. 
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The in vitro raised plantlets with well developed shoots and roots 
following acclimatization were transferred to field condition and the 
survival rate was almost 90 %. 
Capsicum annuum L. 
Pepper is one of the most cultivated vegetables and spice crop and 
plays an important role as constituent in many of the world food 
industries. The extracts of capsicum species have been reported to have 
antioxidant properties. The enzyme isolated from chilli is used in the 
treatment of certain type of cancer. 
Direct regeneration of multiple shoots from CN explants was 
achieved on MS medium augmented with various concentrations of 
cytokinins (TDZ BA and kinetin). MS medium containing TDZ (5 pM) 
was effective in inducing shoot buds and maintained high rates (16.2 
±1.07) of shoot multiplication with an average shoot length (5.6 ± 
0.42) on a hormone free MS medium after 4 sub-culturing. 
Callus induction was observed from leaf, root and stem explants 
grown on MS medium supplemented with different concentration of 2,4-
D. Addition of BA to the optimal concentration of 2,4-D, induced 
organogenic callus from stem segment. 
Callus derived from stem segment when sub-cultured on MS 
medium supplemented with different cytokinin (BA, kinetin and TDZ) 
alone or in combinations, maximum number of shoots (25.4 ± 1.42) 
was achieved on MS medium containing BA (5 pM) and TDZ (5 pM). 
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Somatic embryos were induced directly from stem segments and 
shoot tip on I^ S medium containing different concentrations of TDZ 
(0.1-2.5 pIM). Best response in terms of number of somatic embryos 
was produced from stem segment on MS medium supplemented with 
0.5 pM TDZ as it produced 21.9 ± 1.01 somatic embryos. Induction, 
maturation and germination of embryos were achieved on the same 
medium. 
The highest number of shoots rooted on MS medium with 1.0 \^M 
IBA. The in vitro raised plantlets with well developed shoot and roots 
were acclimatized successfully and showed (90 %) survivability when 
transferred to field conditions. 
The findings of my study lead to the following conclusions; 
1. Direct shoot regeneration in S. melongena has been achieved 
through CN explants. MS medium supplemented with BA (2.5 
pM) + NAA (1.5 pM) stimulated maximum frequency of 
regeneration. 
2. Callus was raised from leaf and stem explants. The maximum 
frequency of organogenic callus formation was obtained on MS 
medium containing 2,4-D (10 pM). 
3. Maximum frequency of adventitious shoot regeneration was 
achieved from leaf derived callus on MS medium supplemented 
with BA (5 pM) and kinetin (2.5 pM). 
,'I^SXi 
4. The highest frequency as well as highest number of somatic 
embryos was observed from leaf derived callus on MS medium 
supplemented with BA (6 pM). Maturation and germination of 
embryos were occurred on same medium. 
5. Full strength MS medium showed best rhizogenesis in 
S. melongena. 
6. Direct regeneration of shoots from CN explants in C. annuum 
was achieved on MS medium supplemented with 5 pM TDZ 
and highest multiplication and elongation of shoots was 
observed on hormone free MS medium. 
7. The maximum frequency (90 %) of organogenic callus 
formation from stem segments was obtained on MS medium 
containing 2,4-D (10 pM) + BA (2.0 pM). 
8. Best medium for highest production of adventitious shoot from 
the above callus found to be was BA (5.0 pM) and TDZ (5.0 
pM) combination. 
9. Maximum frequency of somatic embryos from stem segments 
was achieved on MS medium containing TDZ (0.5 pM). 
Maturation and germination of somatic embryos were achieved 
on same medium. 
10. The best rooting percentage was achieved on MS medium 
supplemented with IBA (1.0 pM). 
Thus, the protocols developed in the present study would be of 
great significance for the improvement of these two important 
vegetables crops. The ability of Solanum melongena and Capsicum 
annuum to respond well in tissue culture, particularly plant 
regeneration via organogenesis and somatic embryogenesis would 
be of great help to utilize the powerful biotechnology techniques for 
improvement of genetic resources by genetic transformation, 
exploitation of somaclonal variation and stress tolerance related to 
breeding and horticulture. 
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Chapter-1 
Introduction 
A vegetable is a herbaceous plant of which all or a part is eaten, 
raw or cooked. Vegetables are a valuable source of protein, vitamins, 
minerals, trace elements and fibre. All vegetables are high in 
carbohydrates, which contribute to their unique taste. They are most 
prized when eaten shortly after harvest, either fresh or cooked. 
The requirement of vegetables is increasing proportionally with 
the increasing population in the country. How do we keep vegetable 
production on par with the burgeoning population? Although 
conventional plant breeding techniques have made considerable 
progress in the development of improved varieties, they have not been 
able to keep pace with the increasing demand for vegetables in the 
developing countries. Therefore, an immediate need is felt to integrate 
biotechnology to speed up the crop improvement programmes. 
Biotechnological tools have revolutionized the entire crop improvement 
programmes by providing new strains of plants and supply of planting 
material. Modern biotechnology encompasses broad areas of biology 
from utilization of living organisms or substances from those organisms 
to make or to modify a product, to improve plant for specific use. It is 
a new aspect of biological and agricultural science which provides new 
tools and strategies in the struggle against world's food production 
problem. The major areas of biotechnology which can be adopted for 
improvement of vegetable crops are; 
1. Tissue culture 
2. Genetic engineering 
Tissue culture 
One of the widest applications of biotechnology has been in the 
area of tissue culture and micropropagation in particular. I t is one of 
the most widely used technique for rapid asexual in vitro propagation. 
This technique is economical in time and space, affords greater output 
and provides disease free and elite propagules. It also facilitates safer 
and quarantined movements of germplasm across nations. When the 
traditional methods are unable to meet the demand for propagation 
material, this technique can produce millions of uniformly flowering and 
yielding plants. Micropropagation of almost all the vegetables is 
possible now. Production of virus free planting material using meristem 
culture has been made possible in many horticultural crops. Embryo 
rescue is another area where plant breeders are able to rescue their 
crosses, which would, otherwise abort. Culture of excised embryos of 
suitable stages of development can circumvent problems encountered 
in post zygotic incompatibility. This technique is highly significant in 
intractable and long duration horticultural species. Many of the 
vegetables species have been successfully regenerated from 
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cotyledons, hypocotyls, leaf, petiole, stem, ovary, protoplast and root, 
etc. Haploid generation through anther/pollen culture is recognized as 
another important area in crop improvement. I t is useful in being rapid 
and economically feasible. Complete homozygosity of the offspring 
helps in phenotype selection for quantitative characters and particularly 
for qualitatively inherited characters making breeding much easier. 
Successful isolation, culture and fusion of plant protoplasts have been 
very useful in transferring cytoplasmic male sterility for obtaining 
hybrid vigor through genetic transformation in plants. 
In vitro germplasm conservation is of great significance in 
providing solutions and alternative approaches to overcoming 
constrains in management of genetic resources. In vegetable crops 
which are usually propagated vegetatively and which produce 
recalcitrant seeds and perennial crops which are highly heterozygous, 
seed storage is not suitable. In such crops especially, in vitro storage is 
of great practical importance. These techniques have successfully been 
demonstrated in a number of horticultural crops and now various 
germplasm collection centers have been established. In vitro 
germplasm conservation also assures the exchange of pest and disease 
free material and helps in better quarantine. 
Plant breeders are continually searching for new genetic 
variability that is potentially useful in cultivars improvement. A portion 
of plants regenerated by tissue culture often exhibits phenotypic 
3 
variation atypical of the original phenotype. Such variation, termed 
somaclonal variation may be heritable i.e. genetically stable and passed 
on to the next generation. Alternatively, the variation may be 
epigenetic and disappear following sexual reproduction. These heritable 
variations are potentially useful to plant breeders. 
Considering the feasibility of this novel technology, following two 
plant species of economic importance have been selected for in vitro 
studies in the present investigation; 
1. Solanum melongena L. 
2. Capsicum annuum L. 
Solanum melongena L. 
S. melongena L. is one of the most nutritious and important non-
tuberous vegetable species of the family Solanaceae. I t belongs to the 
sub family Solanoideae, the tribe Solaneae, the genus Solanum and 
sub genus Leptostemonum (Dun.) Bitt., including more than 450 
species distributed among 22 sections (D'Arcy 1972, Whalen 1984 ). I t 
is commonly known as Eggplant, Brinjal, Aubergine or Guinea squesh, 
it stands at fourth rank among vegetable crops. 
The total production of eggplant in the world is about 21.2 million 
ton of which 92.4% of the world production are covered by Asia such 
as India, China, Japan and Turkey followed by the south of the US and 
Mediterranean countries; Italy and Egypt etc. (FAO 1999). 
Botanical description 
Eggplant is an erect, semi-erect or prostrate branched, perennial 
herb or sub-shrub with strong bushy appearance, growing generally to 
a height of about I m tall. Although perennial in habit, it is cultivated as 
annual. 
The plant produces a strong tap root, which penetrate quite deep 
into the soil. The leaves are large in size, alternate, exstipulate, 
petiolate, simple and ovate, inflorescence is extra axillary cyme and 
flowers are solitary to cluster, ebracteate, pedicillate, cyclic bisexual 
actinomorphic, pentamerous, the calyx is gamopetalous, five lobed, 
persistant and densely covered with hairs, corolla is five gamopetalous 
bell-shaped and purple, violet to white in colour. Androecium consists 
of five epipetalous, stamens alternate with petals. The anthers are 
long, erect and basifixed. The gynoecium is bicarpellary, syncarpous 
and superior. The ovary is bi-tetralocular with each locule containing a 
number of ovules on swollen axile placenta. The fruit is large berry, 
varying in shape from spherical to cylindrical. Fruit surface is smooth 
and glossy, the seeds are small, flattened kidney shaped, pitted and 
endospermic with curved embryo. 
Economic use 
Besides being used as vegetable, eggplants are consumed in a 
variety of ways, roasted in hot ashes, mashed and seasoned with salt, 
onion, chillies, limejuice and mustard oil. The eggplant may be pickled, 
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sliced fruits are some times dried in the sun and stored. Tine value of 
eggplant is enhanced as a vegetable during autumn when other 
vegetables are scarce. They are eaten when approaching ripeness and 
are a fairly good source of calcium, phosphorous, iron and vitamin B 
etc. (Table-1). 
The unripe berries are poisonous and are used as fish poison. 
Fruit juice is reported to be used in some parts of Africa for curdling 
milk. 
Medicinal use 
The eggplant is also widely used in medicine. Accordingly to 
Ayurvedic system, the white varieties are said to be good for patients 
suffering from diabeties. The eggplant extracts have significant effect in 
reducing blood and liver cholesterol rates in humans. Nasunin, a major 
component in anthocyanin pigment, has been shown to inhibit lipid 
oxidation. Roots of eggplant are having anti-asthmatic properties, 
leaves are said to possess narcotic properties and are used in cholera, 
bronchitis, dysuria and asthma. Its juice is. employed to cure otitis, 
toothache and diuretic. The use of eggplant against cancer disease has 
also been reported (Hartwell 1971). 
The fruit can be used a fresh as a poultice for haemmoriioid but 
it is more commonly used for the treatment of burns, abscess and cold 
sores. 
Table 1. Nutritive value of eggplant (per 100 mg of edible portion) 
Moisture 
Protein 
Fat 
Minerals 
Carbohydrates 
Calories 
Calcium 
Magnesium 
Oxalic acid 
Phosphorus 
Iron 
Sodium 
Potassium 
Copper 
Sulphur 
Chlorine 
Vitamin A 
Thiamine 
Riboflavin 
Nicotinic acid 
Vitamin C 
92.80 g 
1.40 g 
0.30 g 
0.30 g 
4.00 g 
14.00 g 
18.00 mg 
16.00 mg 
18.00 mg 
47.00 mg 
0.90 mg 
44.00 mg 
200.00 mg 
0.17 mg 
44.00 mg 
52.00 mg 
124.00 I.U. 
0.04 mg 
0.11 mg 
0.90 mg 
12.00 mg 
Source : (Choudhary and Kalda 1968) 
Application of in vitro technology to eggplant 
Eggplant is susceptible to several diseases and pests that cause 
serious crop losses. This problem has been addressed by hybridizing 
eggplant with wild resistant Solanum species, which present a wide 
genetic diversity and are source of useful agronomic traits. However, 
this approach is limited by sexual incompatibilities (Collonier et al., 
2001) and difficulties in obtaining fertile progenies (Gleddie et al., 
1986). In addition, traditional improvement methods may be hampered 
by the scarcity of natural resistance sources for some important 
diseases, impairing the abstention of resistant varieties (O'Brien 1983, 
Melo and Costa 1985, Lin and Xiao 1995). For example, no natural 
resistance sources are known for anthracnosis {Colletotrichum 
gloeosporioides), southern wilt {Ralstonia solanacearum) and the most 
common fungal disease of eggplant the Verticillium wilt {Verticillium 
dahliae). 
The application of in vitro methodologies to eggplant has resulted 
in considerable success. Eggplant tissues present a high morphogenetic 
potential that is useful for developmental studies as well as for 
establishing biotechnological approaches to produce improved varieties. 
The establishment of an efficient in vitro regeneration through 
organogenesis and embryogenesis is the first step for developing 
genetic transformation protocols in order to introduce novel traits. 
Several reports for plant regeneration via organogenesis and 
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embryogenesis from eggplant, using different growth regulators and 
explants are shown in (Table-2). 
Capsicum annuum L. 
The genus Capsicum belongs to the tribe Solanacae and sub-
family Solanoideae of the family Solanacae. I t consists of 
approximately 22 wild species and five domesticated species, 
C. annuum, C. baccatum, C. chinense, C. frutescens and C. pubescens. 
A perennial, small shrub. Capsicum is a native of Central and South 
America and one species to Japan. About 5 species have been 
introduced in India, of which C. annuum and C. frutescens L. are 
variously known as chilli bird pepper and red pepper. The world 
production of pepper crop in 2004 reached 1.65 million hector with 
more than 24 million metric tons harvest (FAO 2005). 25 % of the 
world production is covered by India. India is the world leader in 
context of chilli production followed by China and Pakistan. This shows 
that the Asian countries hold the bulk share of chilli production though 
it is produced throughout the world. 
Botanical description 
Chilli pepper is a harbaceous, short-lived (cultivated as annual) 
up to 1 meter in height and has a well developed tap root system. 
Leaves are simple, entire, opposite and acute. Inflorescence is cymose 
usually typical axillary cyme. Flowers are pedicillate, hermarphodite, 
actinomorphic, regular, hypogynous and complete. Bracts and 
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Table 2. In vitro regeneration studies on Solanum melongena L. 
Expiant Growth 
Regulators 
References 
ORGANOGENESIS 
Hypocotyl 
Hypocotyl 
Hypocotyl, cotyledon and leaf 
Leaf 
Leaf 
Hypocotyl, cotyledon and leaf 
Epicotyl, hypocotyl, cotyledon, 
leaf and node 
Leaf 
Root 
Hypocotyl, cotyledonary leaf, 
shoot tip and root 
lAA + BA 
BA + NAA 
2,4-D 
BA 
kinetin 
BA + 2,4-D 
TDZ 
NAA 
TDZ + BA 
BA/Zeatin/BA 
+kinetin 
Kamat and Rao 1978 
Matsuoka and Hinata 
1979 
Alicchio etal., 1981 
Gleddie etal., 1983 
Mukherjee etal., 1991 
Sharma and Rajam 
1995 
Magioli etal., 1998 
Taha and Tijan 2002 
Franklin etal., 2004 
Barker etal., 2006 
EMBRYOGENESIS 
Hypocotyl 
Cell suspension cultui 
leaf 
Cotyledon 
Leaf and cotyledon 
Hypocotyl 
Leaf and cotyledon 
Hypocotyl, cotyledon 
Leaf and cotyledon 
'e and 
and leaf 
NAA 
NAA 
NAA 
NAA 
NAA 
kinetin 
NAA 
NAA 
NAA 
Matsuok and Hinata 
1979 
Gleddie e ta / . , 1983 
Fobert and Webb 1988 
Fillipone and Lurquin 
1989 
+ Ali etal., 1991 
Saito and Nishimura 
1994 
Sharma and Rajam 
1995 
Magioli etal., 2001 
bracteoles are absent. Calyx is gamopetalous, small five lobed and 
enlarges In fruits, oblong, acute and green. Corolla is gamopetalous 
with five rotate lobed, oblong and white twisted. Androecium consists 
of five stamens, alternate to petals, polyandrous, epipetalous, 
filamentous, short anther, and oblong bicelled. Gynoecium is 
brcarpellary, syncarpous ovary, obliquely placed in the fiower, superior, 
globose, bilocular, axile placentation and style simple, hairy at the 
base. Ovary superior, typically bilocular but in the apical portion it 
becomes unilocular. Seed either smooth or pitted. 
Economic use 
Pepper is one of the most cultivated vegetable and spice crop 
and plays an important role as constituent in many of world food 
industries. Capsicum species are used fresh or dried, whole or ground, 
and alone or in combination with other fiavouring agents. Capsicum is 
used in sweet bell peppers, paprika, pimento, and other red pepper 
products. Fruits of Capsicum are widely used as coloring agents. The 
extracts of Capsicum species have been reported to have antioxidant 
properties. Paprika is derived from Capsicum and is used primarily in 
the flavouring of garnishes, pickles, meats, barbecue sauces, ketchup, 
cheese, snack food, dips, salads, and sausages. I t is used to increase 
the pungency of ginger ale, ginger soda, ginger beer and rum. Chilli 
also contains oil, which can be used as a basic material in non-
yellowing paints and surface coating and for soap making. The green as 
9 
well as dry chillies are used as a source of iron, phosphorous and 
calcium etc. (Table-3). 
Medicinal use 
As a medicinal plant, the Capsicum has been used as a 
carminative, digestive irritant, stomachic stimulant, rubefacient, and 
tonic. The plants have also been used as folk remedies for dropsy, 
colic, diarrhoea, asthma, arthritis, muscle cramps and toothache. It has 
been reported to have hypoglycemic properties. The medicinal 
applications of capsaicinoids have brought innovative ideas for their 
use. Medicinal use of Capsicum has a long history, dating back to the 
Mayas who used them to treat asthma, coughs, and sore throats. The 
pharmaceutical industry uses capsaicin as a counter-irritant balm for 
external application. Creams containing capsaicin have reduced pain 
associated with post-operative pain for mastectomy patients and for 
amputees suffering from phantom limb pain. Prolonged use of the 
cream has also been found to help reduce the itching of dialysis 
patients, the pain from shingles (Herpes zoster), and cluster 
headaches. The alkaloid capsaicin from chilli peppers is also used in 
analgesic creams for the relief of arthritis, tendonitis and muscular 
strain. The warm sensation provides a soothing counterirritant that 
relieves pain and deep tissue inflammation. Oleoresin is the content of 
Capsicum and used in a wide assortment of drugs and cosmetics. The 
enzyme isolated from Capsicum is used in the treatment of cancers. 
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Table 3. Nutritive value of lOOg green chilli and dry chilli 
Contents 
Moisture 
Protein 
Fat 
Fibre 
Carbohydrates 
Minerals 
Calcium 
Magnesium 
Sodium 
Potassium 
Copper 
Sulphur 
Chlorine 
Phosphorus 
Iron 
Thiamin 
Riboflavin 
Niacin 
Vit. C 
Carotene 
Energy 
Green chilli 
85.7 
29.0 
0.6 
6.8 
3.0 
1.0 
30.0 
24.0 
6.5 
217.0 
1.5 
34.0 
15.0 
80.0 
1.2 
0.19 
0.39 
0.9 
111.0 
175.0 
29.0 
Dry chilli 
10.0 
15.9 
6.2 
6.2 
31.6 
6.1 
160.0 
-
14.0 
530.0 
-
-
-
370.0 
2.3 
0.93 
0.43 
9.5 
50mg/100g 
345mg/100 g 
246kcal/100g 
Source : (Sastri 1950) 
Application of in vitro technology to chilli pepper 
Chilli pepper is an important horticultural crop that can surely 
benefit from plant biotechnology. Chilli does not have natural ability for 
vegetative propagation, therefore, in vitro propagation may be used for 
its clonal multiplication. Capsicum members have been shown to be 
recalcitrant to differentiation and plant regeneration under in vitro 
conditions, which in turn makes it very difficult or inefficient to apply 
recombinant DNA technologies via genetic transformation at genetic 
improvement against pests and diseases. Some approaches, however, 
have made possible the regeneration of chilli pepper plants from in 
vitro cultured cells, tissues and organ through organogenesis and 
embryogenesis. Organogenic systems have been used for in vitro 
micropropagation as well as for genetic transformation. Application of 
both tissue culture and genetic transformation techniques have led to 
the development of chilli pepper plants more resistant to at least one 
type of virus. Cell and tissue culture have been applied successfully to 
the selection of variant cells exhibiting increased resistance to abiotic 
stresses and production of capsaicinoids, hot principal of chilli pepper 
fruits, by cells and callus tissue has been another area of intense 
research. Several reports for plant regeneration via direct and indirect 
organogenesis and embryogenesis have been developed from different 
explants (Table-4). 
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Table 4. In vitro regeneration studies on Capsicum annuum L. 
Explant 
ORGANOGENESIS 
Shoot tip 
Hypocotyl, cotyledon, leaf, 
shoot t ip, stem and root 
Hypocotyl and cotyledon 
Rooted hypocotyl 
Hypocotyl, cotyledon and 
shoot tip 
Shoot tip 
Hypocotyl, cotyledon and 
leaf 
Cotyledon 
Hypocotyl, leaf, shoot tip 
and nodal segment 
Hypocotyl, cotyledon and 
leaf 
Half seed 
Nodal segment 
Cotyledonary node 
Growth 
regulators 
lAA/IBA+BA/ 
kinetin 
lAA/IBA/NAA+BA 
/kinetin 
lAA+BA 
lAA+BA 
NAA+BA 
BA/kinetin 
lAA+BA 
BA + PAA 
2,4-D/IBA/BA 
BA + lAA 
BA+IAA/IBA/ 
kinetin 
BA+IAA or GA 
TDZ 
TDZ + NAA 
References 
Agrawal eta!., 1988 
Agrawal etal., 1989 
Arroya and Revilla 1991 
Valera-Montero and 
Ochoa-Alejo 1992 
Ebida and Hu 1993 
Christopher and Rajam 
1994 
Christopher and Rajam 
1996 
Hussain etal., 1999 
Singh and Shukia 2001 
Sobhakumari and 
Lalithakumari 2003 
Soniya and Nair 2004 
Montero and Phillips 
2005 
Ahmad etal., 2006 
Siddique and Anis 2006 
EMBRYOGENESIS 
Immature zygotic embryo 2,4-D/kinetin/ 
TDZ 
Immature zygotic embryo 
Hypocotyl 
Stem segment and shoot tip J Q ^ 
Harini and Sita 1993 
2,4D/kinetin/ 
TDZ 
BA 
TDZ 
Binzel etal., 1996 
Kaparakis and Alderson 
2002 
Khan etal., 2006 
Objectives 
The present experimental work was undertaken with the aim to 
establish precise protocols for the in vitro propagation and 
multiplication of two important vegetables, Solanum melongena and 
Capsicum annuum with the following objectives; 
1. Establishment and proliferation of axenic cultures. 
2. To formulate culture conditions for regeneration, multiplication 
and regenerant differentiation from cotyledonary node, leaf, 
stem, shoot apex and root explants. 
3. To investigate hormonal response for callus induction and plant 
regeneration via indirect organogenesis. 
4. To induce somatic embryogenesis and their conversion into 
plantlets. 
5. To study the histological pattern of regenerating tissue. 
6. To evaluate the optimal medium for rooting of regenerants. 
7. To acclimatize the in vitro raised plants in the field conditions. 
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HHemture 
Chapter-2 
Review of Literature 
Mathias Jacob Schleiden a German Botanist in 1838 proposed the 
cell theory which envisaged that each living cell of an organism, if 
provided with proper environment, would be capable of independent 
development. This theory proved landmark in the development of plant 
cell study and later gave birth to the concept of totipotency. Vochting 
(1878) inspired by Schleiden's cell theory preformed some basic 
experiments and observed that all the cells along the stem length are 
capable of forming roots as well as shoots, but their destiny is decided by 
their relative position, which led the thought that if the cells are removed 
from their natural environment and grown on artificial nutrient media, the 
differentiation pattern might be understood more easily and accurately. 
Considering the applicability of this thought the great German botanist 
Gottlieb Haberlandt (1902) now regarded as the father of plant tissue 
culture, performed experiments to grow single cells of Lamium 
purpureum and Eichhornia crassipes on Knop's salt solution (1865) with 
sucrose and found some growth in palisade cells. Although his attempt 
was unsuccessful but he made several predictions. The predictions of 
Haberlandt were proved experimentally after 1930s with the discovery of 
natural auxin and further enriched with the successful isolation of 
cytokinin by Miller e ta / . (1955). 
From the time of Haberlandt until about (1934) hardly any progress 
was made in the field of plant tissue culture. In, 1904, however, Manning 
had initiated a new line of investigation which later developed into an 
important applied area of in vitro techniques. Robbins and Kotte started 
pioneering work on root culture in 1922 independently. They cultured 
isolated root tips. Further, Robbins and and Maneval (1924) reported 
some improvement in root growth but the first successful report of 
continuously growing cultures of tomato root tips was made by, White in 
1934. Later, Gautheret (1939) and others established that isolated tissue 
from carrot roots could be kept alive and grown in aseptic cultures. Callus 
culture derived from such isolated tissue provides an opportunity to study 
the effects of nutrients, vitamins and hormones upon cell division, 
differentiation of vascular tissues and inception of organised meristematic 
regions within the predominantly parenchymatous tissue. Hence, 
Gautheret and White, together with Nobecourt (1939), who had 
independently reported the establishment of continuously growing 
cultures of carrot in the same year are credited for laying the foundation 
for further work in the field of plant tissue culture. Proving one of the 
predictions of Haberlandt true. Van Overbeek et al. (1941) demonstrated 
for the first time the stimulatory effect of coconut milk on embryo 
development and callus formation in Datura. 
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Skoog and Miller (1957) put forth the concept of hormonal control 
of organ formation after the discovery of cytokinin (Miller et al., 1955). 
Since then, tissue culture studies revolutionized the improvement in plant 
species and their conservation. The dream of Haberlandt for the 
cultivation of somatic embryos comes true when the first report appeared 
on somatic embryogenesis in carrot tissues by Reinert (1959) and 
Steward et al. (1958). Later, Maheshwari and co- workers became 
actively engaged in in vitro technique in 1960s, and achieved landmark 
by raising haploid plant through anther culture of Datura Innoxia (Guha 
and Maheshwari 1964, 1966). 
Later, in vitro techniques gained unabatable recognition in plant 
sciences for successful micropropagation, conservation and improvement 
of plant species. A large number of plant species have been investigated 
all over the world, of which the review on some important investigations 
is categorized under following heads. 
Direct regeneration 
Direct organogenesis is the process by which cells and tissues are 
forced to undergo changes which lead to the production of a unipolar 
structure, namely a shoot or root primordium, whose vascular system is 
often connected to the parent tissue. Direct regeneration of various plant 
species have been reported by Hussey and Falavigna (1980), Dunwell 
(1981), Chin (1982), Zelcer et al. (1983), Kikuta and Okazawa (1984), 
Yanmaz et al. (1986), Chakraborty and Roy (1987), Kathal et al. (1988), 
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Pau etal. (1989), Arroyo and Revilla (1991), Pari et al. (1995), Rout and 
Das (1997), Magioli et al. (1998), Husain et al. (1999), Kulkarni et al. 
(2000), Singh and Shukia (2001), Sultana and Bari Miah (2003), Kang et 
al. (2004), Magioli and Mansur (2005) and Sharma and Batra (2006). 
Numerous factors are reported to influence the success of in vitro 
propagation of different plants such as plant growth regulator, age of 
explant and genotype. There are many organogenic reports where, the 
development of shoot regeneration from explants have been achieved on 
MS media without application of growth regulators e.g., Solanum 
tuberosum (Levy 1985), Lycopersicon esculentum, Solanum melongena 
(Pari et al., 1991) and Capsicum annuum (Ezura et al., 1993, Ramirez-
Malagon and Ochoa-Alejo 1996). 
Usually in all reports, regeneration of shoot had to be induced and 
accomplished by the application of exogenously growth regulators to the 
MS medium. Concerning auxin, there are contrasting reports about their 
involvement for shoot multiplication. In Chondrilla juncea and Brassica 
oleracea, low concentration of auxin (2,4-D, NAA, IBA) onto MS medium 
stimulate the shoot regeneration while, high concentration was inhibitory 
(Kefford and Caso 1972, Lazzeri and Dunwell 1984). Where as, Taha and 
Tijan (2002) obtained best result with stem and leaf explants of Solanum 
melongena in the presence of much lower concentration of auxin (NAA). 
Gunay and Rao (1978) reported that no shoot bud development took 
place with any of the auxin levels in Capsicum annuum. 
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The use of cytokinins to the MS medium appears to be more 
significant for the induction of shoots. Borthakur and Singh (2002) 
established direct plant regeneration from male inflorescences of 
medicinal yam on MS medium supplemented with high concentration 
(13.99 pM) of kinetin. In contrast, Kamat and Rao (1978) reported a 
rapid shoot proliferation from hypocotyls using low concentration (4.7 pM) 
of kinetin in Solanum melongena and Lai and Ahuja (1996) found similar 
result at 1.5-5.0 mg/l kinetin for Picrorhiza kurroa. Even, if most plants 
respond favorably to kinetin, this cytokinin was less efficient than BA at 5 
mg/l for inducing shoot multiplication from shoot tips in Capsicum 
annuum (Mirza and Narkhede 1996). Similar results were observed in 
other crops like Lycopersicon esculentum (Kartha et al., 1976) and 
Solanum khasianum (Chaturvedi and Sinha 1979). Benjamin et al. (1987) 
has shown that BA at higher concentration (1-5 ppm) stimulates the 
development of shoots from axillary meristems and shoot tips of Atropa 
belladona. While, the use of low concentration (1 mg/l) of BA was 
reported to induce efficient organogenesis from meristem tips in 
Cucurbita pepo (Pink and Walkey 1984). Thomas and Katterman (1986) 
reported that Thidiazuron (TDZ), a substituted phenylurea with cytokinin 
like activity and play a significant role for induction of high frequency of 
shoots in Pisum sativum (Sanago et al., 1996) and Capsicum annuum 
(Ahmad e ta / . , 2006, Siddique and Anis 2006). It has been observed that 
cytokinin is required, in optimal quantity for shoot proliferation in many 
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genotypes but inclusion of low concentration of auxins along with 
cytokinin triggers the rate of shoot proliferation in many plant species. 
Barna and Wakhlu (1988) reported the production of nnultiple shoots in 
higher frequency in Plantago ovata on MS medium containing 4-6 pM 
kinetin along with 0.05 pM NAA. According to Faisal and Anis (2002), a 
combination of 10 pM BA and 0.5 pM NAA induced a high rate of shoot 
proliferation in Rauvolfia tetraphylla. Similar results were also obtained 
with BA and NAA in Solanum melongena (Matsuoka and Hinata 1979), 
Pisum sativum (Griga et al., 1986) and Capsicum annuum (Ebida and Hu 
1993). There are evidences where combinations involving lAA with any of 
the cytokinins were more effective in inducing shoot bud compared to 
those containing IBA or NAA. Among cytokinins, kinetin, zeatin and BA 
were equally effective for shoot induction. This was observed by Kukreja 
et al. (1986) in Duboisia myoporoides and Agrawal et al. (1989) in 
Capsicum annuum. But, according to Gunay and Rao (1980), the inclusion 
of higher concentration of BA (9 pM) along with lAA (2.8 pM) induced 
high frequency of shoot formation from hypocotyl and cotyledon explant 
in Lycopersicon esculentum. Sen and Sharma (1991) reported that 
maximum number of shoots were achieved by using low concentration of 
BA (4.4 pM) and IBA (2.5 pM) to MS medium for Withania somnifera. 
Where as, equal concentration of BA (1 mg/l) and lAA (1 mg/l) to the MS 
medium was very effective for direct organogenesis in Solanum 
tuberosum (Roest and Bokelmann 1980). 
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Lazzeri and Dunwell (1986) investigated that explants from 
different organs responded to particular auxin and cytokinin combination 
and that each type of explants had a characteristics patterns in Brassica 
oleracea. There are reports where the relative importance of genotype, 
explant and their interaction for in vitro plant regeneration have been 
investigated by Sharma and Rajam (1995) in Solanum melongena, C. 
annuum (Christopher and Rajam 1996) and L esculentum (Bhatia et a!., 
2005). The age of cultured explants in some plant species such as 
Geranium and Brassica, is a crucial factor in affecting the regeneration 
ability (Chang et al., 1996, Choi et a/., 1996). Silvertant et a/. (1995) 
reported another type of age related effect in Allium, the length of young 
flower stalk, which is related to the physiological age. 
Callus induction and plant regeneration 
The induction of callus growth and subsequent differentiation and 
organogenesis is accomplished by the differential application of growth 
regulators and the control of conditions in the culture medium. With the 
stimulus of endogenous growth substances or by addition of exogenous 
growth regulators to the nutrient medium, cell division, cell growth and 
tissue differentiation are induced. There are many reports on regeneration 
of various plants via callus culture. In all plant species growth regulators 
concentration in the culture medium is critical for morphogenesis (Skoog 
and Miller 1957). 2,4-D, a very potent auxin is used alone to initiate 
callus in Solanum melongena (Alicchio et al., 1981) and Solanum 
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aviculare (Kittipongpatana etal., 1998). However, in C. annuum, explants 
such as shoot apices, intemode, anther and petiole produce profuse callus 
especially when exposed to auxins (2,4-D or lAA) but these explants were 
not able to form organogenic callus (Dix and Street 1975, Campiotti et 
al., 1981, Agrawal et a/., 1989, Ebida and Hu 1993). Faisal and Anis 
(2003, 2005) reported that high concentration of 2,4,5-T (10 pM) was 
effective for producing highly proliferating friable callus from leaf and 
stem explants onto MS medium in Tylophora indica. Skoog and Armstrong 
(1970) and Letham (1974), they pointed out the role of cytokinin and 
auxin in promoting callus formation in tissue culture. Addition of 2,4-D 
along with cytokinin (BA or kinetin) on MS medium enhanced callus 
formation in Plantago ovata (Barna and Wakhlu 1988), Cucumis sativus 
(Gu Kim et al., 1988), Manihot esculenta (Matand et al., 2004) and 
Tylophora indica (Thomas and Philip 2005). Synergistic effects of other 
auxin (NAA) along with cytokinin (BA or kinetin) were also tested for 
many vegetables by Behki and Lesley (1980) in Lycopersicon esculentum, 
Brown et al. (1986) in Lactuca sativa, LIm and Song et al. (1987) in 
Pisum sativum, Gu Kim et al. (1988) in Cucumis sativus and Singh and 
Chandra (1984) in Brassica campestris. Where as, many vegetables easily 
undergo organogenic callus phase if the explants are placed on media 
supplemented with lAA and BA or kinetin combination by Miszke and 
Skucinska (1976), Gunay and Rao (1978), Glendening and Sjolund 
(1988) and Bouabdallah and Branchard (1986). In addition to auxin and 
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cytokinin, augmention of other plant growth regulators to the MS medium 
has been found to be necessary for induction of organogenic callus and 
subsequent shoot regeneration in some reports. Inclusion of 2,4-D along 
with lAA and kinetin onto MS medium trigger rate of shoot production 
from organogenic callus in Allium sativum (Novok 1980, Conci et al., 
1987). A similar effect was observed for Coconut water along with IBA 
and kinetin in Cucumis melo (Rao et al., 1982). There are some reports in 
which cytokinins were used as the sole plant growth regulator for 
induction of plant regeneration via callus. Faisal and Anis (2003 and 
2005) observed that kinetin at 5 pM concentration was effective for the 
production of adventitious shoots from the surface of callus derived from 
leaf and stem explants of Tylophora indica. While, Rani and Grover (1999) 
reported that BA (2 mg/l) was best for the induction of shoot from callus 
derived from axillary shoot in Nicotiana tabacum. Using a medium 
containing a couple of cytokinins than single cytokinin has been more 
effective for the production of adventitious shoots from callus in many 
plants. Franklin et al. (2004) achieved shoot bud differentiation from root-
derived callus of S. melongena in MS medium supplemented with 0.45 pM 
TDZ and 13.3 pM BA. Similar results were obtained on MS medium 
augmented with BA and kinetin in Capsicum annuum (Soniya and Nair 
2004). 
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Somatic embryogenesis 
Somatic embryogenesis is the developmental pathway by which 
somatic cells develop into structures that resemble zygotic embryos (i.e., 
bipolar and without vascular connection to the parental tissue) through an 
orderly series of characteristics embryoloqical stages without fusion of 
gametes (Jimenez 2001). I t can occur directly on the surface of explant 
or indirectly via callus. Somatic embryogenesis was described for the first 
time, almost fifty year ago (Steward et al., 1958, Reinert 1959). 
Somatic embryogenesis has been divided into three main stages, 
namely induction, maturation and germination, in the former one, 
somatic cells acquire embryogenic characteristics by means of a complete 
reorganization of the cellular state, including physiology, metabolism and 
gene expression (Feher et al., 2002). I t is usually after a change in one 
more culture conditions (e.g., culture medium, plant growth regulators, 
carbohydrate source etc.) that the induced tissues or cells reach the 
expression stage, in which cells display their embryogenic competence 
and differentiate into somatic embryos. The efficiency of induction, 
maturation and germination of somatic embryogenesis depends on 
several factors, including growth regulators, genotype and explant type. 
Induction of somatic embryos 
Addition of plant growth regulators into the culture medium is the 
preferred way to induce embryogenesis in vitro in most plant tissue 
culture system. In only (ess than 7 % of the protocols surveyed by Gaj 
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(2004), somatic embryogenesis was induced in culture nnedia devoid of 
plant growth regulators in some reports of Daucus carota (Smith and 
Karikorian 1990). Lakshmanan and Taji (2000) pointed out that detailed 
study of those reports in which addition of plant growth regulators are not 
necessary to induce somatic embryoids, will be very valuable to elucidate 
early regulatory events in embryo development. 
In the majority of plant species studied, in which addition of plant 
growth regulators is necessary to induce somatic embryogenesis, auxin 
and cytokinins are key factors in the determination of embryogenesis 
response, probably because they strongly participate in cell cycle 
regulation and cell division (Francis and Sorrell 2001, Feher et al., 2003, 
Gaj 2004). Raemakers et al. (1995) reported that 45 % of the species 
responded to an auxin treatment for induction of somatic embryos. Gaj 
(2004) mentioned that in more than 80 % of the reports in which, 
somatic embryogenesis was induced in the presence of auxins alone or in 
combination with cytokinins. Nomura and Komamine (1995) summarized 
the results of several works in Daucus carota, in which the effect of 
different exogenous auxin onto MS medium on induction of somatic 
embryogenesis was reported. 2,4-D appears to act as an effective 
stressor, being one the triggers of embryogenesis development in 
cultured plant cells (Feher et al., 2003). This mode of action should be 
also considered in those protocols in which very high concentrations of 
auxins are necessary for induction of somatic embryogenesis in Manihot 
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esculenta (Sofiari et ai, 1997), Pisum sativum (Ozcan et at., 1993) and 
Serenoa repens (Gallo-Meagher and Green 2002). Schroeder (1968), on 
their side, they pointed that, even if most species respond favorable to 
auxins, especially 2,4-D, this plant growth regulator was much less 
0 
efficient than at 10 mg /I lAA for induction of somatic embryos in callus 
cultures of cucurbita pepo and it completely inhibited the production of 
embryogenic callus in Hardwickia binata (Das et at., 1995). 
NAA, being the second most frequently used auxin to induce 
somatic embryogenesis, as reported by Reamakers et al. (1995). NAA to 
MS medium was found to induce somatic embryoids from different 
explants of Solanum melongena for example, Kamat and Rao (1978) used 
hypotocyl explants which induced only the development of rhizogenic calli 
in the presence of NAA and a-naphthoxyacetic acid (NOA), while 
regeneration through organogenesis was obtained in the presence of lAA, 
Matsuoka and Hinata (1979) observed both organogenesis and 
embryogenesis in response to different NAA concentrations using the 
same expiant type. Gleddie et al. (1983) induced somatic embryogenesis 
from leaf explants and cell suspension cultures of cultivar Imperial Black 
Beauty in the presence of 54 pM NAA, whereas Fillipone and Lurquin 
(1989) had obtained best results with leaf and cotyledon explants of 
cultivar Violetta Lunga di Napoli in the presence of a much lower 
concentration (5.4 |JM) of the same growth regulator. Mariani (1992) also 
reported somatic embryogenesis in response to 54 pM NAA using 
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seedlings of cultivar Giulietta germinated in the dark. Robert and Webb 
(1988) observed a correlation between the development of adventitious 
roots and somatic embryos in cotyledons from cultivar Imperial Black 
Beauty, in response to different NAA concentrations. Rhizogenesis was 
induced in low concentrations (0.5-2.7 pM), while intermediate levels 
favored somatic embryogenesis (5.4-27 pM) and higher concentrations 
(54-270 pM) mainly induced callogenesis. On the other hand, Rao and 
Singh (1991) cultivated leaf explants in a medium supplemented with 0.5 
and 10.8 pM NAA but failed to induce embryogenesis with the same 
concentrations. 
Concerning the role that another group of hormones, the cytokinins 
has played a significant role on induction of somatic embryos. Gaj (2004) 
reported that induction of somatic embryogenesis by cytokinin occurred in 
less than 14 % of the publications evaluated by her. Raemakers et al. 
(1995) mentioned that BA was the most frequently used (57 % ) , followed 
by kinetin (37 % ) , Zeatin (3 %) and TDZ (3 %) for initiation of somatic 
embryogenesis. Using a MS medium supplemented with BA alone. Gill et 
al. (1995) and Newman et al. (1996) achieved high frequency of somatic 
embryogenesis from callus cultures of Lycopersicon esculentum. 
Furthermore, Kaparakis and Alderson (2002) induced somatic 
embryogenesis from Intact seedling of S. melongena, L. esculentum and 
C. annuum on MS medium supplemented with BA (10-80 mg/l). 
Moreover, a new generation of plant growth regulators, such as 
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thidiazuron (TDZ) a cytokinin that belongs to the phenylureas, is 
emerging as successful alternative for high frequency of direct 
regeneration of somatic embryos from shoot tips and stem segments in 
Capsicum annuum (Khan et al., 2006) and TDZ was more efficient than 
auxin in Beta vulgaris (Malik and Saxena 1992). Even in some plants, 
addition of cytokinins onto MS medium inhibited the induction of somatic 
embryos promoted by auxins, e.g., direct somatic embryogenesis in 
Pisum sativum, Glycine max and Coronilla varia (Lakshmanan and Taji 
2000). 
The combination of cytokinins and auxins' has been more effective 
to induce somatic embryogenesis than cytokinins alone (Merkle et al., 
1995). Jaideep Mathur (1993) reported that somatic embryoids induced in 
callus culture of Nardostachys jatamansi on media containing reduced 
concentration of lAA (16.1 to 9.30 pM) and simultaneously increased 
concentration of kinetin (1.16 to 9.30 IJM) over a period of seven months. 
In contrast, a high frequency of somatic embryogenesis was induced from 
leaf explants of Solanum melongena on MS medium augmented with high 
concentration of NAA (8.0 mg/l) and low concentration of kinetin (1.0 
mg/l) (Lakshmana Rao and Singh 1991). Ghosh and Sen (1991) noted 
that MS medium having equal concentration of lAA (1.0 mg/l) and kinetin 
(1.0 mg/l) stimulated embryo development in Asparagus cooperi. 
In addition to auxins and cytokinins, MS medium supplemented 
with other plant growth regulators has been found to be more effective 
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for induction of somatic ennbryos in some plants. An increasing in the 
number of somatic embryos formed from explants of E genotype of 
Dactylis glomerata was reported by inclusion of ABA by Bell et al. (1993). 
Also, seedling of D. carota cultured on a medium containing ABA formed 
somatic embryos directly from the epidermal cells, being the number of 
somatic embryos formed dependent of the concentration of ABA into MS 
medium (NishiwakI eta/ . , 2000). 
Sometimes, a multi-step protocol is necessary to induced somatic 
embryogenesis in certain plants, Fernandez-Guijarro et al. (1995) could 
only induce somatic embryogenesis in Quercus suber by reducing the high 
concentration of BA and NAA present in the first step (medium) to lower 
levels in the second one. A similar methodology was successfully 
employed by Hernandez et al. (2003) with the same species but adding a 
preconditioning phase that consisted in placing the explants on MS 
medium devoid of plant growth regulators. 
Maturation and germination of somatic embryos 
Another important phase in somatic embryo development is the 
process of maturation and germination of somatic embryos. During this 
phase embryos undergo various morphological and biochemical changes, 
which are evident by deposition of storage materials and repression of 
maturation and germination of somatic embryos in plant species (Thomas 
1993). However, there are several reports of Solanum melongena in 
which somatic embryos do not develop normally and conversion of 
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somatic embryos into plantlets is usually limited due to abnormalities 
such as hyperhydricity, lack of apical meristem, cotyledon fusion and 
inefficient maturation (Gleddie et al., 1983, Saito and Nishimura 1994, 
Magioli et al., 2001). Great efforts have been devoted to overcome these 
problems by the many workers by supplementing culture media with 
certain plant growth regulators that allow later phases of somatic 
embryos to progress similarly to those in zygotic embryogenesis. Saito 
and Nishimura (1994) and Magioli et al. (2001) investigated that 
conversion rates can reach up to 92 % by culturing mature embryos of 
Solanum melongena onto MS medium solidified with 1 % phytagel. In 
some plants, somatic embryos developed and germinated into well 
developed plantlets on hormone free MS medium e.g., Ipomoea batatas 
(Liu and Cantliffe 1984, Zheng et al., 1996), Cyphomandra betacea 
(Guimaraes et al., 1988), Capsicum annuum (Harini and Sita 1993) and 
Allium sativum (Chowdhury et al., 2003). Whereas, there are several 
reports in which addition of different plant growth regulators to the 
culture medium were necessary for maturation and germination of 
somatic embryos for many plant species (Von Arnold et al., 2002). 
Development and germination of somatic embryos has improved by 
lowering of growth regulator concentration in many medicinal plants as 
reported by Arumugam and Bhojwani (1990) in Phodophyllum 
hexandrum, Wakhlu et al. (^1990) in Bunium persicum and Kumar (1992) 
in Thevetia peruviana. Although in the case of Daucus carota inclusion of 
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low concentration of cytokinin (zeatin), together with the reduction in 
auxin levels to the culture medium, was more efficient for the maturation 
and germination of developed embryos (Fujimura and Komamine 1975). 
The positive effect of ABA to the MS medium on inhibition of precocious 
germination and stimulation of maturation extends well into conversion of 
somatic embryos into normal-shaped plants. This fact is well reported in 
Brassica oleracea (Hansen 2000). On contrary, there are some reports in 
which somatic embryos continue their development in the same medium 
in which they formed e.g.. Astragalus (Hou and. Jia 2004) and Capsicum 
annuum (Khan etal., 2006). ^ 
Studies on the morphological aspects of somatic embryogenesis 
have been performed in a number of species and showed that somatic 
embryos can have different origins according to the species and the 
explant type. For example, in geranium and L. esculentum, somatic 
embryos are formed from the epidermal cells of hypocotyl explants 
(Hutchinson et al., 1996, Newman et al., 1996). In Aractiis hypogea, 
embryos can be formed from meristematic cells of calli derived from 
cotyledons, from parenchymatic cells of young leaves or from 
meristematic and submeristematic cells of apical meristems (Sagare et 
al., 1995). In S. melongena, somatic embryos induced by NAA are formed 
from perivascular parenchymatic cells originating indeterminate 
meristematic masses, which can either give rise to adventitious roots or 
pro-embryogenic masses (Tarre et al., 2004). 
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In vitro rooting 
In vitro rooting is accomplished by transferring the carefully 
dissected micro-shoots to a medium containing hormones to produce 
roots. Different plant species have different ability to root, some rooted 
easily in in vitro, some are difficult to induce rooting and some plant 
cannot produce roots from micro-shoots. All plant species need threshold 
value of plant growth regulators in the medium in order to produce roots. 
To some extent the roots are produced by itself and many plants do not 
require an exogenous hormone to the culture medium. There are several 
reports where, 100 % rooting was achieved onto full strength of MS 
medium without hormones for e.g., Brassica alboglabra (Wong and Loh 
1987), Withania somnifera (Sen and Sharma 1991), l^anihot esculenta 
(Joseph et al., 1991, 2001) and Solanum melongena (Taha and Tijan 
2002, Sarker et a!., 2006). Moreover, 1/3 MS basal medium was also 
reported to be effective for root induction and growth in Solanum 
melongena by Sharma and Rajam (1995), Fassuliotis et al. (1981). Faisal 
and Anis (2002) and Thomas and Philip (2005) reported that successful 
induction of rooting could be achieved by inclusion of IBA to the half 
strength MS medium in Tylophora indica. Similar effect was observed for 
lAA onto the half MS medium in Solanum melongena (Magioli et al., 
1998). Moreover, auxin seems to be a universal for induction of roots. 
Several reports have indicated that synthetic auxin IBA, when added to 
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the culture medium stimulated the root induction by 80 % in Capsicum 
annuum (Agrawai et al., 1988, Singh and Shukia 2001, Soniya and Nair 
2004, Siddique and Anis 2006, Ahmad etal., 2006). 
Acclimatization 
Micropropagation of many plants have been achieved through the 
establishment of plantlets that have grown in vitro and have been 
continuously exposed to unique micro-environment that has been 
selected to provide minimal stress and optimum conditions for plant 
multiplication. Plantlets were developed within the culture vessels under 
low level of light, aseptic conditions, on a medium containing ample sugar 
and nutrients to allow for hetrotrophic growth and in an atmosphere with 
high level of humidity. These contribute a culture-induced phenotype that 
cannot survive the environmental condition when directly placed in a 
greenhouse or field. Therefore, after ex vitro transplantation, plantlets 
usually need some weeks of hardening and acclimatization with gradual 
lowering in air humidity (Preece and Sutter 1991, Kadlecek 1997). In 
many plant species, the leaves formed in vitro are unable to develop 
further under ex vitro conditions and they are replaced by newly formed 
leaves (Preece and Sutter 1991, Diettrich et al., 1992). However, if the 
acclimatization of plantlets is successful, the transplanted plants were 
taller with larger leaf area and leaf thickness in Nicotiana tabacum than 
that of plantlets grown in vitro (Pospisilova et al., 1993, Kadlecek 1997, 
Kadlecek 1998). The hardening of in vitro plantlets can be successful by 
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decreasing of air humidity of cultures by using lids permeable for water 
vapour or by bottom cooling, or increasing irradiance or increasing CO2 
concentration by forced ventilation can reduce wilting of in vitro plantlets 
after transplantation (Wardle et al., 1983, Roberts et al., 1990, Kanechi 
et al., 1998). However, these procedures might lead to a quick drying of 
plantlets out of the culture medium and to an impairment of plant growth 
(Wardle et al., 1983, Solarova et al., 1996). The relative water loss from 
leaves of in vitro plantlets can be reduced by application of Abscissic acid 
(ABA) into the culture medium (Pospisilova et al., 1993, Pospisilova 
1996). Fassuliotis et al. (1981) used jiffy Mix in clay pots for in vitro 
plantlets of Solanum melongena and covered pots with a jar to maintain 
high humidity during hardening and acclimatization. Whereas, 95 % 
survival of Solanum malongena plantlets was achieved during 
acclimatization when plantlets were transferred to plastic pots containing 
soilrite irrigated with water (Franklin et al., 2004). Faisal et al. (2006) 
reported that during acclimatization and hardening in Mucuna pruriens, 
the in vitro plantlets were planted in plastic pots having sterile soilrite 
under diffuse light condition. Potted plantlets were covered with 
transparent polythene bags to ensure high humidity and watered every 3 
days with half strength MS salt solution for 2 weeks and showed 85 % 
survival rate in green house condition. Similar results were found in 
Nyctanthes arbor-tristis (Siddique et al., 2006) and Capsicum annuum 
(Khan et al., 2006). However, Kulkarni et al. (2000) used autodaved 
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mixture of sand:soil (1:1) for acclimatization of Withania somnifera and 
achieved 100 % survival rate. Kathal et al. (1988) also used sand and soil 
but in (1:3) for acclimatization of Cucumis melo. 
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Materials and Methods 
Seeds of Solanum melongena L. (cv. Pusa Purple Round) and 
Capsicum annuum L. (cv. Pusa Jwala) were procured from the Indian 
Agricultural Research Institute (lARI), New Delhi. 
Establishment of aseptic seedlings 
Seeds were presoaked over night and washed under running tap 
water for 30 min, to remove adherent particles. The seeds were then 
immersed in 5 % (v/v) Teepol, a detergent for 10 min and rinsed 4-5 
times with sterile double distilled water. Seeds were surface sterilized 
with 0.1 % (w/v) HgCb under sterile condition for 5 min, rinsed 5 times 
in sterile distilled water and germinated on Murashige and Skoog 
(1962) basal medium. From 20 day-old axenic seedlings, cotyledonary 
nodes, shoot apices, stem segments, root explants and first 2 apical 
leaves were excised and cut into smaller segments (0.5 to 1 cm) and 
placed horizontally on 20 ml MS culture medium containing 2,4-D, 
2,4,5-T and NAA for callus induction and BA, TDZ, and kinetin for shoot 
multiplication and somatic embryogenesis. 
Culture media 
Growth and morphogenesis of plant tissue are largely governed 
by the composition of culture media. In the present Investigation, the 
basal media proposed by Murashige and Skoog (1962) was used 
through out for in vitro studies in both the plant species. The different 
constituents of MS medium along with their concentration used are 
listed in Table-5 
Table 5. Chemical composition of MS medium 
A. Macronutrients 
S. No. 
1 
2 
3 
4 
5 
B. I^icrc 
S. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
N a m e of salts 
MgS04.7H20 
KH2PO4 
KNO3 
NH4NO3 
CaCl2.2H20 
nutr ients 
N a m e of salts 
H3BO3 
MnS04.4H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
Coa2.6H2C 
KI 
FeS04.7H20 
Na2EDTA 
A m o u n t ( m g / l ) 
370 
170 
1900 
1650 
440 
A m o u n t ( m g / l ) 
6.2 
22.3 
8.6 
0.25 
0.025 
0.025 
0.83 
27.8 
37.3 
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C. Organic supplements 
S. No. Name of salts Amount ( m g / l ) 
1 
2 
3 
4 
5 
Thiannine HCI 
Pyridoxine HCI 
Nicotinic acid 
Myo-inositol 
Glycine 
0.5 
0.5 
0.5 
100 
2.0 
1 
Preparation of stock solution 
The constituents of MS mediunn given in the (Table-5) were 
prepared in four stocks (Table-6) consisting of I major salts (20X 
concentrated), I I minor salts (200X concentrated), I I I FeS04.7H20 and 
Na-EDTA (lOOX concentrated) and IV organic nutrients except sucrose 
(lOOX concentrated) by dissolving the required amount in measured 
volume of double distilled water. The reasons for preparing different 
stock solutions are that certain kinds of chemicals, when mixed 
together will precipitate and not remain in solution. The stock solutions 
were stored in a refrigerator at 4°C and regularly checked for visible 
contamination. To prepare one liter of medium 50 ml of stock solution 
I, 5 ml of stock solution I I and 10 ml of each of stock solution I I I and 
IV were taken. 
For each plant growth regulator, separate stock solutions were 
prepared by dissolving it in a small quantity of appropriate solvents 
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( IN NaOH or absolute alcohol) and then adjusted with DDW to the 
desired volume to make an over all concentration of 1 mM. 
The different concentration of growth regulators used in the 
present study was prepared from stock solutions by using the formula; 
Where, 
Si Vi= S2 V2 
Si = Strength of stock solution 
Vi = Volume of the stock solution required 
S2 = Strength of desired solution 
\/2 = Volume of desired solution 
Table 6. Stock solutions for MS medium 
Stock solution I 
S. No. Name of salts mg/l (20X) 
1 
2 
3 
4 
5 
MgS04.7H20 
KH2PO4 
KNO3 
NH4NO3 
Caa2.2H20 
7400 
3400 
38000 
33000 
8800 
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stock solution I I 
S. No . N a m e of salts 
1 
2 
3 
4 
5 
6 
7 
H3BO3 
MnS04.4H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
KI 
Stock solution I I I 
S. No. N a m e of salts 
1 
2 
FeS04.7H20 
IMa2EDTA 
Stock solution IV 
S. No. N a m e of salts 
1 
2 
3 
4 
5 
MgS04.7H20 
KH2PO4 
KNO3 
NH4NO3 
CaCl2.2H20 
mg / l (20X) 
1240 
460 
1720 
50 
5 
5 
166 
mg / l (20X) 
780 
3730 
mg / l (20X) 
7400 
3400 
38000 
33000 
8800 
Growth regulators 
Depending upon the experiment, MS medium was variously 
supplemented with growth regulators such as 2,4-D, 2,4,5-T, lAA, IBA 
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NAA, BA, TDZ and kinetin etc. in various concentrations and 
combinations as indicated in the results. 
Carbon source 
Plant cells and tissues in the culture nnedium lack autotrophic 
ability and therefore, require external carbon as a source of energy. 
Sucrose is the most commonly used as a carbon source to provide 
energy to the growing tissue, 3 % of sucrose was used in the present 
investigation. 
Adjustment of pH, gelling of medium and sterilization 
The pH of the medium was adjusted to 5.8 by IN NaOH or IN 
HCI using pH meter (L 613, Elico, Pvt. Ltd., India). The medium was 
solidified with 0.8 % (w/v) agar or 0.25 % (w/v) phytagel and heating 
it in a microwave oven until a clear gel is formed. All the glass wares 
used were of Borosil make and 20 ml nutrient media was dispensed 
each in 25 x 125 mm capacity of culture tubes and 50 ml in 100 ml 
capacity wide mouth Erienmeyer flask. The medium was sterilized in an 
autoclave at 1.06 kg cm"^ (121°C) for 20 min and the medium in 
culture tubes were allowed to set as slants. 
Sterilization of glass wares and instruments 
All the glass wares, instruments (wrapped in aluminum foil) and 
distilled water etc. were sterilized by autoclaving at 1.06 kg cm-^ for 
20 min. The forceps, scalpel etc. made up of stainless steel were 
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sterilized by dipping them In rectified spirit followed by flaming and 
cooling before each inoculation. 
Sterilization of laminar airflow hood 
Laminar airflow hood was sterilized by switching on ultra violet 
(UV) light for 30 min and wiping the working surface with 70 % ethanol 
before any operation under hood. 
Inoculation and incubation 
Inoculations were performed under aseptic condition of laminar 
airflow hood by using sterilized culture media, instruments and distilled 
water. The instruments were t ime-to-t ime re-sterilized during 
inoculation by dipping them in rectified spirit followed by their flaming 
and cooling. 
All the cultures were maintained at 24 ± 2°C in a culture room 
under a 16-h photoperiod with a photosynthetic photon flux density of 
50 pmol m'^ s'^ provided by cool white fluorescent lamps (Philips, 
India). 
Sub-culturing 
The cultures were maintained regularly by sub-culturing them on 
fresh medium for every week, cultures were periodically examined and 
data was recorded. 
Rooting 
Regenerated shoots (3-4 cm) were excised from the culture 
tubes or flask and transferred onto full and half strength MS medium 
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without or with different concentration of IBA, lAA and NAA. The 
percentage of rooting, number and length of roots per shoot were 
recorded after 3 weeks of culture. 
Hardening and acclimatization 
The in vitro regenerated plantlets with well-developed shoots and 
roots were washed with distilled water and transferred to pots 
containing sterile vermiculite under diffuse light (16-h photoperiod). 
Potted plants were covered with transparent polythene membranes to 
ensure high humidity, and watered every three days with half strength 
MS salt solution for 2 weeks. The membranes were opened after 2 
weeks in order to acclimatize plants to field conditions. After 4 weeks, 
acclimatized plants were transferred to pots containing normal garden 
soil and maintained in the greenhouse under natural day length 
conditions. 
Anatomical studies 
Fixation and storage 
The first step is to identify typical specimens remove them from 
the culture tubes, and place in a small petridish containing water. The 
specimens are then carefully trimmed using a razor blade or a scalpel. 
The differentiating explants and callus were fixed in FAA solution 
consisting of Formalin: Glacial Acetic Acid: Alcohol (70 %) in the ratio 
of 4:6:90 (v/v). The fixed samples were stored in 70 % alcohol at room 
temperature for 24 hours. 
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Embedding, sectioning and staining 
Standard method of paraffin embedding (Johansen 1940) was 
followed for histological studies. Ethanol-xylol series was used for 
dehydration and infiltration. For complete infiltration of plant materials 
to be sectioned, were kept in a vacuum oven at 60°C for 15 min. The 
wax block samples were cut into ribbons (10-150) using a spender 820 
microtome (American Optical Corp. Buffalo,. New York). The ribbons 
were floated out and spread on clean slides coated with adhesive and 
dried over night in an oven at 37°C. The sections were de-waxed by 
immersion in xylene series. Further processing was carried out through 
absolute, 90 % and 70 % ethanol series in succession for 2 min each. 
The material was then washed with clove oil + fast green (0.5-1%), 
mounted in Canada balsam and kept at 37°C for 48 hours. 
Microphotographs of the sections were taken at 10 xlO using Olympus 
microscope. 
Data analysis 
All the experiments were repeated thrice and twenty replicates 
were employed for each treatment. The effect of different treatments 
was quantified and data were analyzed statistically using SPSS ver.lO 
(SPSS Inc, Chicago, USA). The significance of difference among mean 
were carried out using Duncan's multiple range test at P= 0.05. 
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Results 
Plant: Solanum melongena L. 
Mode: Direct shoot regeneration 
Explant: Cotyledonary node (CN) 
Effect of cytokinins on shoot regeneration 
The morphogenetic responses of cotyledonary node explants to 
various cytokinins (BA, TDZ and kinetin) are enumerated in Table-7. 
The explants cultured on MS medium without growth regulators 
(control) failed to produce any shoots even after 4 weeks of culture. 
When explants were cultured on MS medium augmented with different 
concentrations of BA (0.5-10 pM), TDZ (0.5-10 pM) and kinetin ((0.5-
10 pM) alone, shoot bud differentiation was observed in all treatments 
after 2 weeks of culture. BA and TDZ were found to be more effective 
than kinetin in respect to initiation and subsequent proliferation of 
shoots, BA at a concentration of 0.5 pM induced 2.3 ± 0.23 shoots 
while the media supplemented with 0.5 pM kinetin resulted in the 
reduced number of shoots (1.3 ± 0.20). The maximum percentage (85 
%) of shoot regenerating explants was observed on a media containing 
2.5 pM BA which also induced the highest number (4.4 ± 0.31) of 
shoots after 6 weeks of culture (Fig-IA, B). However, the maximum 
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shoot length (3.8 ± 0.40) was achieved on MS medium supplemented 
with 2.5 |JM T D Z after 6 weeks of culture. The percentage of shoot 
regeneration and multiple shoot induction declined with an increase in 
concentration of each cytokinin beyond the optimal level (2.5 pM). 
Callus was formed occasionally at the base of explants. The callus 
formation was observed to retard the shoot bud induction and 
subsequent growth of shoots. Therefore, precaution was taken to 
remove such callus growth while sub-culturing. 
Effect of auxin and cytokinin on shoot regeneration 
The combined effect of auxin and cytokinin was also evaluated on 
multiple shoot induction from CN explants (Table-8). The explants 
cultured on MS medium supplemented with different concentration of 
lAA or IBA (0.5-2.5 pM) along with optimum concentration of BA or 
TDZ (2.5 pM), did not give any response, as the callus was observed at 
the base of the explants. BA with NAA was found effective for shoot 
regeneration, multiplication and elongation. Optimum shoot bud 
differentiation was observed in a medium containing 2.5 pM BA and 1.5 
pM NAA, where highest shoot regeneration frequency (90 %) with an 
average number (14.0 ± 0.92) of shoots and shoot length (4.5 ± 0.38 
cm) was achieved after 6 weeks of culture (Fig-1 C,D). On increasing 
the concentration of NAA beyond 1.5 pM, a gradual decrease in 
regeneration frequency and number of shoot per explant was noticed. 
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Explanation of Fig. 1 A-D 
A. Induction of shoot buds from CN explant on MS + BA (2.5 pM), 
after 2 weeks of culture. 
B. Multiplication of shoots on same medium after 4 weeks of 
culture. 
C. Multiple shoot Induction from CN explant on MS medium + BA 
(2.5 pM) + NAA (1.5 pM), after 4 weeks of culture. 
D. Elongation of shoots on same medium after 2 weeks of culture. 
1 ' 
• . T 
Among the TDZ and NAA combinations, the maximum frequency 
(85 %) of shoot regeneration with an average number (11.0 ± 0.78) of 
shoots per explant was obtained on MS medium containing 2.5 pM TDZ 
and 2.0 |JM NAA. The regeneration potential of explants was found to 
decrease with an increase in concentration of NAA (Table-8). 
Mode: Indirect shoot regeneration 
Explants: Leaf and stem 
Effect of auxins on callus induction 
Different auxins (2,4-D and 2,4,5-T) at various concentrations 
(5-20 pM) were tested to compare their effectiveness on callus 
induction from leaf and stem explants. 
Leaf segments were cultured onto MS medium or supplemented 
with different auxins. No callus was formed on MS basal medium. In all 
other treatments, leaf became swollen and callus was initiated from the 
cut ends of explant within 2 weeks which subsequently covered the 
entire leaf surface in another 2 weeks of culture. Morphology and 
growth of the callus varied with different concentrations of auxins. The 
leaf explants produced highly proliferating light green friable callus on a 
media containing (10 pM) 2,4-D (Fig-2 A). On increasing the 
concentration of 2,4-D from 5 to 10 pM, a gradual increase in 
percentage of cultures forming callus was observed. The highest 
percentage (100 %) of organogenic callus was recorded on a medium 
containing 10 pM 2,4-D (Table-9). 
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On media containing 2,4,5-T (10 |JM) about 54 % of cultures 
showed callusing after two weeks of inoculation and the callus produced 
was white and friable (Fig-2 B). The percentage of callus forming 
capacity declined with increasing concentration (10-20 pM) of 2,4,5-T 
(Table-9). No morphogenic response was observed when callus was 
sub-cultured on the same medium. 
Stem explants were also cultured on the MS medium 
supplemented with 2,4-D and 2,4,5-T (5 to 20 pM) for callus induction 
(Table-10). Callus was initiated from the cut ends of the explants and 
became visible within one week. While there was no callus formation in 
the medium without growth regulators, calluses were formed in most 
treatments but with different frequencies. The highest frequency (90 
%) of light green friable organogenic callus was observed on MS 
medium supplemented with 10 pM 2,4-D after 4 weeks of culture (Fig-2 
C). With an increase in concentration of 2,4-D from 10 pM to 20 pM, 
percentage of explants forming calluses was decreased. 
The stem segments when cultured on MS medium supplemented 
with different concentration of 2,4,5-T (5-20 pM) initially showed 
swelling after a week of culture and during next week, frosty white 
friable callus was initiated which expanded rapidly from both ends, 
often surrounding and enveloping the entire explant after two weeks of 
culture. The maximum frequency of callus was achieved on MS medium 
supplemented with 10 pM 2,4,5-T (Table-10). Callus produced was 
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white and friable (Fig-2 D). When sub-cultured onto fresh medium, its 
morphology changed from white to brown within two weeks of sub-
culturing. 
Effect of cytokinins 
The light green friable callus derived from leaf explant was sub-
cultured on MS medium supplemented with different concentrations of 
BA or kinetin (0.5-10 pM) (Table-11). Some calli developed localized 
green regions that subsequently developed into adventitious shoot 
buds after 2 weeks of culture. The various concentrations of BA or 
kinetin in the induction media resulted in different induction frequency 
of shoot buds. The highest shoot regeneration frequency (80 %) and 
highest number of shoots (12.5 ± 0.83) with shoot length (3.9 ± 0.29) 
were recorded at 5 pM BA after 4 weeks of culture (Fig-3 A,B). On 
increasing the concentration of BA from 5 to 10 pM, a decrease in 
shoot formation frequency (45 %) was noticed. 
When the same light friable green callus was sub-cultured on MS 
medium augmented with kinetin, not much change in the frequency of 
shoot bud induction was noticed. The highest shoot regeneration 
frequency (65 %) and average number of shoots (5.3 ± 0.31) was 
recorded at 5 pM kinetin within 4 weeks of sub-culturing. The mean 
number of shoots per responding callus increased as the kinetin 
concentration was increased from 0.5-5 pM, and beyond which a 
decrease in shoot induction was noticed (Table-11). 
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The light creamy friable callus derived from stem segments when 
transferred to MS medium augmented with different concentration of 
BA (0.5-10 pM) became greenish, nodular and more organized after 
one week and adventitious shoot bud differentiation took place within 2 
weeks of culture. Formation of leaves and shoot elongation occurred in 
another 2 weeks of culture. No regeneration on a medium without 
growth regulators was observed. Among the various concentration of 
BA tested, the highest shoot regeneration percentage (85 %) with an 
average of shoot number (10.6 ± 0.66) were recorded at 2.5 pM BA 
(Fig-4 A,B). Increasing the concentration of BA beyond the optimal 
level resulted in a decrease in the rate of shoot regeneration ability 
(Table-12). 
Adventitious shoot regeneration was observed from stem 
segments derived callus on MS medium augmented with kinetin 
(0.5-10 pM) after 2 weeks of sub-culturing. Among the various 
concentrations of kinetin tested, the maximum number (4.8 ± 0.26) of 
shoots per callus clump was recorded on MS medium containing (2.5 
pM) kinetin and the shoots attained an average height of 3.1 ± 0.34 
cm after 4 weeks of sub-culturing (Table-12). 
Combined effect of cytokinin 
The optimal concentration of BA (5 pM) and various concentrations 
(0.5-10 pM) of kinetin were used in combination to examine their effect on 
multiple shoot regeneration from leaf-derived callus (Table-13). The 
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Explanation of Fig. 3 A-D 
A. Differentiation of shoot buds from leaf derived callus on MS 
medium + BA (5 pM), after 2 weeks of culture. 
B. Multiple shoot regeneration on MS medium + BA (5 p M), after 2 
weeks of culture. 
C. Multiple shoot proliferation on MS medium + BA (5 pM) and 
kinetin (2.5 \JiM), after 2 weeks of culture. 
D. Elongation of shoots on same medium after 4 weeks of culture. 

maximum number of shoots (45.5 ± 1.02) was observed from callus 
clump in the presence of 2.5 JJM kinetin and 5 |JM BA. These shoots 
attained a length of (4.3 ± 0.29 cm) within 4 weeks of sub-culturing (Fig-
3 C,D). At higher concentration (5-10 pM) of kinetin, a decrease in 
number of shoots and shoot length was recorded. 
Adventitious shoot bud regeneration was observed from stem-
derived callus on MS medium supplemented with different 
concentrations of kinetin (0.5-10 gM) and optimal concentration of BA 
(2.5 pM) after 2 weeks of culture. Formation of leaves and shoot 
elongation occurred in another 2 weeks. The highest shoot 
regeneration percentage (85 %) and maximum number of shoots (30.2 
± 0.12) were observed with 2.5 pM kinetin and 2.5 pM BA (Fig-4 C,D). 
On increasing the concentration of kinetin upto 10 pM, a decrease in 
shoot regeneration ability was noticed (Table-14). 
Mode: Indirect somatic embryogenesis 
Explant: Leaf 
Effect of auxins on somatic embryogenesis 
The leaf explants cultured on MS medium without auxins failed to 
produce any response even after 3 weeks of incubation. Callus started 
proliferating from the cut ends of leaf segment cultured on MS medium 
supplemented with 2,4-D or NAA (0.5-10 pM) within one week of 
inoculation. Morphology and growth of the callus varied with different 
concentrations of 2,4-D used. Although, the callus was fast growing, 
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white and friable but it was found non-embryogenic. I t failed to induce 
somatic embryogenesis even after two sub-culturing onto fresh 
medium. However, the leaf explant cultured on MS medium 
supplemented with different concentrations of NAA (0.5-10 pM) 
produced embryogenic calli, which appeared brownish green, semi 
friable and slow growing. The greenish globular somatic embryos 
covered the surface of callus within two weeks of culture. These were 
later converted into heart, torpedo and matured to cotyledonary stage. 
The germination of somatic embryos occurred on the same medium, 
which subsequently developed into plantlets after two weeks of sub-
culture. 
Among the various concentrations of NAA tested, the highest 
percentage of embryogenic callus (80 % ) , number of somatic embryos 
(49.2 ± 0.70) per responding callus and plantlets production (42.2 ± 
0.55) were recorded at 8 pM NAA. The percentage of embryogenic 
callus and number of somatic embryos per responding callus increased 
with increasing concentration of NAA but decrease beyond the optimal 
concentration (Table-15). 
Effect of cytokinins on somatic embryogenesis 
Explants cultured on hormone free MS medium, failed to induce 
any embryogenic callus. The embryogenic callus, induced on MS 
medium augmented with different level of BA or kinetin (2, 4, 6, 8 and 
10 pM) was green, compact and fast growing and covered the entire 
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surface of explants within two weeks of incubation. Morphology and 
growth of this callus did not show much variation at various 
concentration of BA or kinetin. After one week of sub-culturing, 
embryogenic callus differentiated into green globular somatic embryos 
on the surface of callus (Fig-5 A). These embryos underwent orderly 
development through the globular, heart, torpedo and then 
cotyledonary stage (Fig-5 B, C, D) and germinated on the same 
medium containing BA or kinetin after 3 weeks of culture. The first 
signal of somatic embryo germination was the greening of cotyledons 
with the appearance of radical (Fig-5 E). The germinated somatic 
embryos were excised from the callus clump and sub-cultured onto 
fresh medium where they subsequently turned into plantlets having 
shoots and roots after two weeks of sub-culturing (Fig-5 F). Not all the 
somatic embryos germinated into plantlets, some of them disappeared 
while others formed roots only. The development of embryos into 
plantlets was strongly influenced by the BA or kinetin concentration in 
the medium. The average number of plantlets regenerated per culture 
varied. The best response in term of highest percentage (90 %) of 
embryogenic callus and highest number of somatic embryos (55.6 ± 
1.15) per responding callus and plantlets production (52.4 ± 0.80) was 
achieved on MS medium supplemented with 6 pM BA (Table-16). The 
percentage of embryogenic callus as well as number of somatic 
embryos per responding callus increased with increasing concentration 
51 
of BA from 2-6 pM, and beyond which a decrease in a number of 
somatic embryos was noticed. 
Among the various concentration of kinetin tested, the highest 
percentage of embryogenic callus (75 % ) , number of somatic embryos 
(22.3 ± 0.40) per responding callus and plantlet production (20.0 ± 
0.20) were achieved at 8 pM kinetin (Table-16). 
Mode: In vitro rooting 
Effect of strengths of MS basal medium or auxins 
For the induction of roots, the In vitro regenerated shoots 
measuring 4 cm were excised and transferred onto various strengths 
(1/2,1/3,1/4) of MS basal medium as well as MS medium augmented 
with different auxins (lAA, IBA, NAA). 
The highest frequency of rooting (90%) and mean number of 
roots (5.4 ± 0.28) with an average root length (5.6 ± 0.27) was 
achieved in full strength MS medium within 3 weeks of culture. Roots 
were prominent with several root hairs (Fig-10 A,B). When shoots were 
transferred onto 1/2 MS medium, the initiation of rooting from the base 
of regenerated shoot occurred after 2 weeks in about 70 % cultures 
with mean number (4.3 ± 0.20) of roots with an average root length of 
4.3 ± 0.17 cm (Fig-6). On the other hand, the use of 1/3 and 1/4 MS 
medium had no significant effect on the number of roots in regenerated 
shoots and was accompanied with occasional callus formation at the 
base of the shoots. 
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Explanation of Fig. 5 A-F 
A. Embryogenic callus showing differentiation of embryoids on MS 
nnedium + BA (6 pM), after one week of culture. 
B. Globular shaped embryos. 
C. Heart shaped embryos. 
D. Torpedo shaped embryos. 
E. Germination of somatic embryos with well developed cotyledons 
and root on MS medium + BA (6 pM), after 3 weeks of culture. 
F. Plantlet formation. 
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Fig. 6- Effect of strengths of MS medium on mean number of root and root 
length per shoot of S. melongena. Bars represent the mean ± S. E. Bars 
denoted by the same letters within response variables are not significantly 
different (P= 0.05) using Duncan's multiple range test. Evaluation was 
made after 3 weeks of culture. 
Among the auxins tested, lAA was found best to NAA and IBA in 
promoting rooting. The maximum frequency of root formation (80 % ) , 
number of roots (4.6 ± 0.20) and root length (3.6 ± 0.24 cm) was 
achieved in MS medium containing 0.5 pM lAA (Fig-7). The maximum 
number of roots (3.9 ± 0.17) and root length (3.4 ± 0.26) was 
recorded at 0.5 |JM NAA (Fig-8). MS medium supplemented with IBA, 
markedly reduced the number of root and root length due to profuse 
callusing at the base of shoots. The maximum number of roots (2.1 ± 
0.26) and root length (2.4 ± 0.26) was recorded at 0.5 pM IBA within 3 
weeks of culture. As concentration of IBA increased from 1.0 to 2.5 pM 
in MS medium, root number as well as root length was considerably 
decreased (Fig-9). 
Mode: Acclimatization 
Effect of planting substrates 
Plantlets with 4-5 fully expanded leaves and well developed roots 
were successfully hardened off inside the growth chamber in selected 
planting substrates (garden soil, soilrite or vermiculite) for 4 weeks and 
eventually established in natural soil (Fig-11 A,5). Of the three 
different types of planting substrates examined, percentage survival of 
the plantlets was highest (95 %) in soilrite (Table-17). About 90 % of 
the regenerated plants survived following transfer from soilrite to 
natural soil and did not show any detectable variation in respect to 
morphology or growth characteristics. 
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Fig. 7- Effect of lAA concentrations on mean number of root and root 
length per shoot of S. melongena. Bars represent the mean ± S. E. Bars 
denoted by the same letters within response variables are not significantly 
different (P= 0.05) using Duncan's multiple range test. Evaluation was 
made after 3 weeks of culture. ' ^ 
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Fig. 8- Effect of NAA concentrations on mean number of root and root 
length per shoot of S. melongena. Bars represent the mean ± S. E. Bars 
denoted by the same letters within response variables are not significantly 
different (P= 0.05) using Duncan's multiple range test. Evaluation was 
made after 3 weeks of culture. 
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Fig. 9- Effect of IBA concentrations on mean number of root and root 
length per slioot of S. melongena. Bars represent the mean ± S. E. Bars 
denoted by the same letters within response variables are not significantly 
different (P= 0.05) using Duncan's multiple range test. Evaluation was 
made after 3 weeks of culture. 
Explanation of Fig. 10 A-B 
A-B. In vitro regenerated shoots rooted on full strength MS medium 
after 3 weeks of culture. 
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Explanation of Fig. 11 A-B 
A-B. Acclimatized plants in pots with well developed shoots and roots. 
